Background-The impact of ongoing efforts to improve the "chain of survival" for out-of-hospital cardiac arrest (OHCA) is unclear. The objective of this study was to evaluate the incremental effect of changes in prehospital emergency care on survival after OHCA. Methods and Results-This prospective, population-based observational study involved consecutive patients with OHCA from May 1998 through December 2006. The primary outcome measure was 1-month survival with favorable neurological outcome. Multiple logistic regression analysis was used to assess factors that were potentially associated with better neurological outcome. Among 42 873 resuscitation-attempted adult OHCAs, 8782 bystander-witnessed arrests of presumed cardiac origin were analyzed. The median time interval from collapse to call for medical help, first cardiopulmonary resuscitation, and first shock shortened from 4 (interquartile range [IQR] 2 to 11) to 2 (IQR 1 to 5) minutes, from 9 (IQR 5 to 13) to 7 (IQR 3 to 11) minutes, and from 19 (IQR 13 to 22) to 9 (IQR 7 to 12) minutes, respectively. Neurologically intact 1-month survival after witnessed ventricular fibrillation increased from 6% (6/96) to 16% (49/297; PϽ0.001). Among all witnessed OHCAs, earlier cardiopulmonary resuscitation (odds ratio per minute 0.89, 95% confidence interval 0.85 to 0.93) and earlier intubation (odds ratio per minute 0.96, 95% confidence interval 0.94 to 0.99) were associated with better neurological outcome. For ventricular fibrillation, only earlier shock was associated with better outcome (odds ratio 0.84, 95% confidence interval 0.80 to 0.88). Conclusions-Data from a large, population-based cohort demonstrate a continuous increase in OHCA survival with improvement in the chain of survival. The incremental benefit of early advanced care on OHCA survival is also suggested. (Circulation. 2009;119:728-734.)
vival after OHCA does not exceed 5% in most communities and is Ͻ3% in large urban populations. [15] [16] [17] The incremental benefit of ALS for OHCA remains to be determined. 18 -21 The Utstein Osaka Project, begun in 1998, is an ongoing large, prospective, population-based cohort study of OHCA in Osaka, Japan, that covers 8.8 million people. [22] [23] [24] More than 45 000 adult OHCAs occurred from May 1998 through December 2006 in Osaka. During this period, some changes were made in the EMS system in this area to improve the chain of survival, such as training citizens in CPR and enabling EMS personnel to deliver shocks without online medical direction by physicians and to intubate in the field. The objectives of the present study were to determine whether improvement in the chain of survival increased survival after OHCA in a large population and to assess the incremental benefit of implementation of prehospital ALS programs on survival.
Methods

Study Design, Population, and Setting
The investigation was a prospective, population-based cohort study of all persons 18 years or older with OHCA of presumed cardiac origin that was witnessed by bystanders and treated by EMS in Osaka Prefecture, Japan, from May 1, 1998 , through December 31, 2006 . The research protocol was approved by the institutional review board of Osaka University, with the assent of the EMS authorities and local governments in Osaka Prefecture.
Cardiac arrest was defined as the cessation of cardiac mechanical activities, as confirmed by the absence of signs of circulation. 25 The arrest was presumed to be of cardiac origin unless it was caused by trauma, drowning, drug overdose, asphyxia, exsanguination, or any other noncardiac causes determined by a physician in charge, in collaboration with the EMS rescuers.
EMS System in Osaka
Osaka Prefecture has approximately 8.8 million residents in an area of 1892 km 2 , which includes both urban and rural communities. The population is served by 35 fire stations, with a corresponding number of emergency dispatch centers. The EMS system is operated by the local fire stations, and life support is provided 24 hours per day via a single-tiered system in 33 stations and a 2-tiered system in 2 stations. The latter uses medics followed by physicians responding by vehicle. The most highly trained prehospital emergency care providers are the Emergency Life-Saving Technicians (ELSTs). Each ambulance has 3 providers, and most have at least 1 ELST. The ELST system was started in 1991, but before 2003, they were allowed only to insert an intravenous line and an adjunct airway and to use a semiautomated external defibrillator for OHCA patients under the online medical direction of a physician. ELSTs have been allowed to deliver shocks without online medical direction since April 2003, and trained ELSTs have been allowed to insert tracheal tubes since July 2004 (tracheal intubation phase) and to use epinephrine since April 2006. Public access defibrillation programs were started in July 2004. CPR training for lay rescuers has been offered by local fire departments, the Japan Red Cross, Inc, and the Osaka Life Support Association throughout the study period. Approximately 120 000 citizens per year participate in conventional CPR training. No programs were in place to train individuals in compression-only CPR during this study period. Dispatcher instruction in CPR was introduced in July 1999.
Data Collection
Data were collected prospectively with a data form that included all core data recommended in the Utstein-style reporting guidelines for cardiac arrests, 25 such as sex, age, initial cardiac rhythm, time course of resuscitation, type of bystander-initiated CPR, return of spontaneous circulation, hospital admission, 1-month survival, and neurological status 1 month after the event. Special emphasis was placed on determining the time course of resuscitation. The time of EMS call receipt and time of vehicle arrival at the scene were recorded automatically at the dispatch center. The times of collapse and initiation of bystander CPR were obtained by EMS interview with the bystander before leaving the scene. The time of defibrillation was recorded by the semiautomated defibrillator. Watches of EMS personnel were synchronized with the clock at their dispatch center. During this study period, no change was made in this reporting system. Time interval from collapse to CPR was defined as the shorter of the time from collapse to CPR by bystanders and that by EMS personnel. The time interval from collapse to shock was defined as the shorter of the time from collapse to shock by bystanders and that by EMS personnel. The time interval from collapse to intubation was replaced with time to hospital arrival unless EMS personnel inserted an endotracheal tube in the field.
All survivors were followed up for up to 1 month after the event by EMS personnel. Neurological outcome was determined by a telephone interview 1 month after successful resuscitation that used the Cerebral Performance Category scale: category 1, good cerebral performance; category 2, moderate cerebral disability; category 3, 
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severe cerebral disability; category 4, coma or vegetative state; and category 5, death. 25 The methods of data collection and verification have been described previously. 24 Although a computer-based registration system was introduced in January 2005, the essentials of data collection were unaltered. Before the present study, a 6-month run-in period was used to ensure the completeness of episode identification and data capture. The steering committee of the present study verified uniform data collection, consistent definition of technical terms, and time synchronization to minimize these potential information biases. Because termination of resuscitation efforts and declaration of death are the exclusive domain of medical doctors in Japan, the only arrests that may have been missed from these data would be those associated with illegal activities that were not reported.
Statistical Analysis
Analyses were conducted for both all EMS-treated, bystanderwitnessed cardiac arrests of presumed cardiac origin and witnessed ventricular fibrillation (VF) cardiac arrests. The primary outcome measure was neurologically intact 1-month survival, defined as Cerebral Performance Category categories 1 or 2. 25 Secondary outcome measures included return of spontaneous circulation, admission to hospital, and 1-month survival.
Patient characteristics were evaluated with ANOVA for numerical variables and 2 test for categorical variables. Time trends in categorical values and numerical values were tested with univariable regression models and linear tests for trend, respectively. Multiple logistic regression analysis assessed the factors associated with better neurological outcome; odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated. Potential confounding factors that were biologically essential or significantly associated with survival at PϽ0.1 in the univariable analyses were considered in the multivariable analyses. Both bystander-initiated, compression-only CPR and conventional CPR with rescue breathing were considered as bystander CPR, whereas bystander-initiated rescue breathing without compressions was classified as no bystander CPR. Interactions between bystander CPR and time to CPR and between tracheal intubation phase and time to tracheal intubation were also incorporated in multivariable analyses. Statistical analyses were performed with SPSS statistical package version 12.0J (SPSS, Inc, Chicago, Ill). A 2-sided P value of 0.05 or less was regarded as statistically significant.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
A total of 45 512 adult OHCAs were documented during the 8 years and 8 months of the study period. Resuscitation was attempted in 42 873, and 25 026 OHCAs were presumed to be of cardiac origin. Of these OHCAs with presumed cardiac origin, 8782 were witnessed. Among them, 1733 (20%) had VF (including pulseless ventricular tachycardia), 2167 (25%) had pulseless electrical activity, and 4789 (55%) had asystole as the initial rhythm. We could not obtain data on the initial rhythm for 93 cases. Figure 1 provides an overview of the arrests, with the important outcomes by initial rhythms. The proportion of neurologically intact 1-month survival among those with witnessed VF, pulseless electrical activity, and asystole was 12%, 2%, and 1%, respectively.
Demographic and resuscitation characteristics of patients with witnessed cardiac arrest of presumed cardiac origin and witnessed VF arrests are noted in Table 1 . Factors associated with 1-month survival with favorable neurological outcome included sex, age, location of arrest, activities of daily living status before arrest, VF as initial rhythm, bystander-initiated CPR, and time interval from collapse to the initiation of CPR by bystanders or EMS personnel. Time interval from collapse to intubation was included in the final model because it confounded the effect estimate for location of arrest. Table 2 shows temporal trends in patient and EMS characteristics for bystander-witnessed cardiac arrests of presumed cardiac origin. The mean age of patients gradually increased from 68 to 72 years during the period (P for trend Ͻ0.001). The male/female ratio approximated 5:3 and showed no significant temporal trend (P for trendϭ0.53). The proportion of those with VF as the initial rhythm increased from 16% to 25% (P for trend Ͻ0.001). The proportion of those who received bystander-initiated CPR also increased, from 19% to 36% (P for trend Ͻ0.001). Compression-only CPR accounted for Ͼ40% of bystander-initiated CPR. The median time interval from collapse to call for medical help shortened from 4 (interquartile range [IQR] 2 to 11) to 2 (IQR 1 to 5) minutes (P for trendϭ0.02). The median time interval from collapse to initiation of CPR decreased from 9 (IQR 5 to 13) to 7 (IQR 3 to 11) minutes (P for trend Ͻ0.001) as the proportion of bystander-initiated CPR increased, whereas the time to CPR by EMS personnel remained Ϸ7 minutes (data not shown). The median time interval from collapse to first shock decreased significantly from 19 (IQR 13 to 22) to 9 (IQR 7 to 12) minutes (P for trend Ͻ0.001) owing to the improvement in EMS response. Only 24 patients received shocks by bystanders during the study period. The median time to intubation remained around 25 minutes, but it took only 15 minutes (nϭ353; IQR 12 to 20 minutes) when the specially trained ELST performed intubation in the field during the tracheal intubation phase. Thirteen percent (356/ 2745) of OHCA patients received intubation by specially trained ELSTs during the tracheal intubation phase.
One-month survival after all rhythms of witnessed cardiac arrests of presumed cardiac origin increased from 5% (31/ 591) to 12% (146/1197; P for trend Ͻ0.001), and neurologically intact survival increased from 2% (12/591) to 6% (71/1197; P for trend Ͻ0.001). One-month survival after witnessed VF cardiac arrests significantly increased from 15% (14/96) to 31% (92/297; P for trend Ͻ0.001), and the proportion of neurologically intact 1-month survival also increased, from 6% (6/96) to 16% (49/297) during the period (P for trend Ͻ0.001; Figure 2) . Table 3 shows the adjusted ORs and their 95% CIs for neurologically intact survival. Among all witnessed cardiac arrests of presumed cardiac origin, VF as the initial rhythm (OR 6.46, 95% CI 4.86 to 8.59), shorter time to CPR (OR for a 1-minute increase 0.89, 95% CI 0.85 to 0.93), and shorter time to intubation (OR for a 1-minute increase 0.96, 95% CI 0.94 to 0.99) were associated with better neurological outcome. With regard to witnessed VF cardiac arrests, only earlier shock was associated with a better outcome (OR for a 1-minute increase 0.84, 95% CI 0.80 to 0.88), whereas other resuscitation procedures were not.
Discussion
This study showed that improvements in the chain of survival for OHCA were associated with increased survival in a large population. The time from collapse to CPR shortened from a median of 9 to 7 minutes because of the increase in bystanderinitiated CPR, time to shock shortened from 19 to 9 minutes because of the refinement of the EMS system, and neurologically intact 1-month survival after witnessed VF cardiac arrests increased from 6% to 17% during the 8-year study period. To improve outcomes from OHCA, measures are needed to strengthen the chain of survival. Although uniform reporting of OHCA has been strongly recommended, 1, 25 there have been only a few reports that continuously evaluated local EMS and resuscitation outcomes. 5, 6, 13, 21 The present data, based on a large-scale, population-based cohort, provide further evidence of the effect of strengthening the chain of survival to save OHCA victims. During the study period, some new measures were introduced. In April 2003, EMS personnel began to be allowed to deliver shocks without online medical direction, and the time interval from collapse to shock decreased by 3 minutes; however, survival did not improve similarly. Although dispatcher instruction in CPR was introduced in July 1999, no stepwise changes occurred in bystanders' behaviors and patient outcomes. The most plausible explanation for the observed improvement in survival is the accumulation of citizens trained in CPR in the population and continuous efforts of the EMS system.
The present study suggests the incremental benefit of some ALS procedures on survival after OHCA. Despite the broad use of advanced treatments for OHCA victims, evidence for the effectiveness of ALS treatment for OHCA is scarce. 18 Several small, nonexperimental studies showed the effectiveness of ALS treatment, 26 -28 whereas 2 meta-analyses showed no benefit of ALS for OHCA. 19, 20 The Ontario Prehospital Advanced Life Support (OPALS) study, a large "before-andafter" controlled study of the effects of prehospital care, could not demonstrate a benefit of ALS treatments for OHCA. 21 However, the OPALS study adjusted for ALS phase (ie, before and after ALS program introduction) but not for the timing of field interventions, whereas we considered the time to intubation and showed the benefit of earlier advanced treatment. Both the type and timing of field ALS treatments might be important to increase survival after OHCA.
Although both the Utstein Osaka project and the OPALS study were large-scale, population-based cohort studies of OHCA, some differences were identified in clinical conditions. The proportion of patients who received bystanderinitiated CPR increased to 36% at the end of the study period in Osaka, whereas the increase in the OPALS study was only 15%. The ALS program was added to the existing program of rapid defibrillation in the OPALS study, in which Ͼ90% victims received shocks within 8 minutes after call receipt, whereas only 36% in the present study received shocks within 8 minutes of call receipt. These differences may explain the discrepancy in the results, because early CPR initiated by bystanders and early defibrillation are critical factors for survival. 1, 10, 29 Furthermore, only specially trained ELSTs in Osaka are allowed to use ALS treatments, which resulted in only 13% of OHCA patients receiving intubation by them even during the tracheal intubation phase. The training and experience of EMS providers who perform ALS might also be different between the 2 study areas and affect the outcomes of OHCA. 30 The increased survival in Osaka over time is due mainly to improvements in the first 3 links in the chain of survival. Although the present study suggests the benefit of earlyinitiated advanced cardiac care, we need to recognize that our data confirm the greater importance of early CPR and early shock for increasing survival after OHCA. ORs of time to CPR and time to shock for a 1-minute increase were less than that of time to intubation (ALS). These data are consistent with many previous studies that showed the importance of early CPR and shocks. 21, 29, 31 Emphasis should be placed on increasing bystander-initiated CPR and integrating such changes with improvements in ALS to save more lives.
The present study demonstrated continuous improvement in the chain of survival and OHCA survival, but absolute survival is still less than optimal. Although the proportion of those with bystander-initiated CPR increased in Osaka, approximately two thirds of OHCA victims still do not receive bystander-initiated CPR, and lay use of defibrillators has not been implemented widely. Bystander CPR is typically provided to fewer than 25% of cardiac arrest victims, 6, 21, 32 and it is known that delivering shocks can be difficult for lay rescuers. 33 Considering the difficulties of performing CPR and delivering shocks and the evidence that supports the effectiveness of bystander-initiated, compression-only CPR, 24, 34, 35 further efforts to strengthen the first 3 links in the chain of survival by use of compression-only CPR might be more feasible, as recommended recently by the American Heart Association. 36 
Study Limitations
An important limitation of the present study was the potential for bias on the basis of its observational design. As with all multisite epidemiological studies, data integrity, validity, and ascertainment bias are also potential limitations. We believe that the use of uniform data collection and consistent definitions based on Utstein-style guidelines for reporting cardiac arrest, the time synchronization process, the large sample size, and a population-based design that included all known adults with OHCA in Osaka Prefecture minimize these potential sources of bias.
In the present study, we had no data at the hospital level, such as the prevalence of postresuscitation care, including therapeutic hypothermia. The incremental benefit of advanced hospital care should be investigated further.
Conclusions
Data from a large-scale population-based cohort in Osaka demonstrate a continuous increase in survival after witnessed OHCA of presumed cardiac origin with improvements in the chain of survival. An incremental benefit of some ALS procedures on survival after OHCA is also suggested.
